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The Effect.o01 GB on thc rat 's blood pressure

P.- tLrnIiubcr ard H. Cuzllurlnbin

.- cocnt species atudlicd (c.r,. rabbit, cat, mionkey, dog) the effcct
of a scrint oxication v-ith GB in the production of a profoundI frCIl
in bl,- '*i rressure. *.Ilson ha-, nnnlyzed the mochanisri rc-,pon-iblc for
thi2s kV-,tcnsivo cteis:n.

"'ae have recently noticed that GBR, when give~n intravenously in near
letha... &Iscr, (4(' - 60 uC/kg.) to intact rats, produces a sharp risc in
bloodI -r,r;surc, then onco or two oscillations about the point of increasod
jprus jure, f'ollmevd by a very 1,--adual 1' all in pressura over the next
-evcral ::~Inutes (10 - 180 -Au.ntets in differont anirials) back to thc pre-

~o~'level (Pigure 1). Thec course of this nuztained rize in blood
prcsa-ore produced by GB hr.- beoen investigated.

';ihil'.c rati; of hornogcnouo --train and vcihi~nC *350 - 500 y:. werc uscd.
!Il..;y vre.r: anacsthctised -with -trathanc (1.25g./kgT. subcutaneou-sly) arxl
polythene canujae i~nserted into thc carotid artery, to record blood
proaý;uro, -jul into the fer.,ora"J Vein.

With -;hc dosca of GE uscd respiratory enbarassrent or failure may
Saý - Y-- interfere ~ihthe blood pressure recording or response.

Th~~o~ ein rmay cases, oven rcspiratory exchzane Y:s rmaintained through-
CuYI 1by ;-,n, . of a :.ini,.atu; ztr-rtint7 'Idcal"l :)rt. T-hozar m,= attcrn of'

.3cdg ~rl-2r r. cmaz 2rx, aIcn-mver, bc-on so:n an rts t-o r no'.

Sj~ " Lprearaion ~;ru male hy tranzectini:; the spin:al :ord betwecen
GI izz -12 1n it>Ax~n the br,- Ln.

1c Lu) '., - he hy-ren -e~ffct of G1B is bcest seen followin:G a fairly
lr(4C - 60 In/~. ut i:, still cvidcent w~ith ar~ialicer dozes. The
Gfi'..$;w ra-pidly rcpcatcl -ir.'al qoses Oar. be sawmbU~cdl ur- to v. certain

;iicn the gnrlblooud pros'ure level inials altho'ujh each
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successive GB dose produces a transient, small rise (Figurb 2). With
higher doses of GB (e. g. 90 ;Jg/kg) the animal dics before the sustained
rise in blood pressure has become established (Figure 3).

Bilateral vagotmny does not affect the picture (Figure 4), but if
GB is given to a spinal rat only a relatively slow, small and short
lasting increase in blood pressure is caused (Figure 5).

The failure of GB to produce a sustained elevation of blood pressure
in this case is not due to the low blood pressure presented by a spinal
rat. Thus, if the blood pressure is lowered by bleeding (Figure 6) or by 06
(Furcd 10). GB still proucecs a tipical hy?;iv, blool prc-eur.; response.

This suggests that GB is stimulating a central mecharism and this
stimulation is probably a cholinergic phenomenon since in the previously
atropinizod cat (intact or spinal) GB produces again only a slow and
minor rise in blood pressure (Figure 7). Similarly, U1 successive doses
of atropine ore administerod after the GB, a stap-like depression of
the elevated blood pressure is produced (Figure 8).

If hoxamethonuiwu bromide (06) is given to a rat during the phase
of sustained blood pressure rise following GB the blood pressure is
immediately and temporarily reduced (Figure 9). Pro-troatmont writh 06
before adxainistoring the GB does not prevent the usual blood pressure
response to the latter (Figure 10).

The central st:mulant action of GB is effectod, therefore, via J
the sympathetic nervous system. The liberation of adrenaline from the
adrenal glands would not soota to be important since GB still causes an
increased blood pressure in adrenaloctoinizod rats (Figure I I) and this
can be inhibited by 06.

A symprithetic peripheral vasculnr mcchanizwi is probably involved
since peripheral blockade of sympathetic ipulses with U.-gota aine or
Pisco] doos alter t'-, rosporze to GD. If ulJther of th'.-la substances is
ad&Ainistorod before GB, the latter produces only a proliaxinary sharp
rise, but no sustained elevation of blood prssurc (AFigure 12). If GB
is given first and then Priscol during the period of raisead blood pressure,
the latter is at once temporarily redueocl (Figure 13).

The sustained rise in blood pressure induced by GB is probably due
mainly to oonstriction of the skin arterioles; in the s'inned rat, GB
causes cnly an in.iodiato and tureporary rise in prossi)ro, but no continue~d
elevation is seen (Figure 14). In confornity with thi;3 is the observation
that GB produces a ::xaintainod pressure ri-e owhn administored to an
eviscerated rat (Figure 15). This rise is not as long lasting as that
occurring in the intact r-4t, no that some involvor;ient of the arteriolos
of the splanchnic arca •ay bo present.

That a direct action on a central nochanism is involved ik alno
suggested by the obsurvation that a snall dose (5 uV) of GB, injcctea
into the fourth verricle, causes a similar sustainod rise in blood
pressurce (Figure 16). An injection of -cetyl choline into the saxaa site
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produces a fill in blood pressure (Pigure 17). The dissimilarity in
the actions of acetyl cholino and GB may be due to a failure of the
former to penetrate into the brain substance, although some leakage
into the systemic circulation occurs. The diroct central action of the
GB can still be prevented by systemic atropinization (Figure 18).

The hypertensive action of GB in the rat is not peculiar to that
compound, but is shared by other anti-cholinesterases, e.,r. DFP (Figure
19)9 eserinc, T=P, E.600, and prob:Ably many others. Atropine and 06
will affect the response to these agents in the manner described forGB.

Another indication of the onhanced sympathetic tone in those rats
is that the heart rate (measured via the E.C.G.) is increased during
the period of hypertension e.g. in a typical instance:

Heart rate before GB (40)jg/kg.) - 270/minute

Heart rate during phase of rising blood pressure - 390/minute

Heart rate at peak of blood pressure rise - 450/minute

In ether specios whore a fal L -)f blood pressurc is produced by GB,
this is accoerpanied by a sloa.ng of the heart rate (Wilson (i)).

Discussion:- Prom the above ros lts vo can conclude that GB, when
given intravnously to the rat, prdxucos a rise in blood pressure wthioh
is due to a central actions possi'bly via the vasomator centre. The effect
is not seen in the spinal rat, nc'r follovring atropine. The latter observ-
ation suggests that the actcn ir probably a cholinergic phenomenon
involving the ceontreo

The central stiiulation preoiaarbly acts via the syiVathotic nervous
system and this sympathetic "drivo" can be blocked at the ganglia by
hoxamethoniur brca-ido and also i',cro periphcrally by ergotamino or Priscol.
It would appear that the vessels Lf the rat s skin are those chiefly
concerned in this syr.Tathotio action.

Other anticholinesterasos can produce a sPIilar hypertension in the
rat, so that the phenomenon presirably has the inLibition of oholinosterase
as its basis. The rise ih blood pressure is, further, not peculiar to the
intravenous route of administration since it has also been seen -ftor the
intraventrioular or the intraocrotid injection of GB.

In othur species GB, whon adViinisterod intravenously in near-lethal
doses, causes a profound loeioring of the blood pressure. The latter is
accompanied by a marked slou-ing of the heart and vasodilatation of the small
vessels in the limb r.msclos (Wilson, (1) ; Holmos (2) )- If, howevor,
GB in small doses is injected into the vertebral artery or the cisterns
mana of a dog, a rise in blood pressure is the invariable response
(Wilson, (3)). Therefore a hypertensive response via a centraa mechanism can
be soon in another species tha-n the rat. In the dog, following intravenous
administration, it must be presuwid that the peripheral effects , 2 GB on
the cardiovascular systoe, proaor/iinato ever the central stimulating action,
although a transient rise of B.P. is often observed before the profound
fall takes place. This applies equially to the sheep (W~lson (4)).
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These varying ro;lponses in the different species suggest that
there ray be corresponding differences in the nature and the sensitiv-
ity of the recoptor ,:ubstanocs and the choitnesterases of the tissues
of these species. Tis is being further investigated.

GB, DFP, eserino, TEPP and E.600 all produce hypertension when
adjdinistered to rats tn near-lethal doses. The nechanism of pro-
duction of this hype:tonsion has been studied. It is, apparent.yi
due to a central muoxh.nisin acting via the sympathetic nurvous systul.
on the blood vessels f the skin.

(Sgd.) H. Cullumbino,
Head, Physiolog Section.

(Sgd.) E.A. Perren,
Supc.rintendent, Research Division.
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FIG 1. HYPERTENSIVE EFFECT 0FGB. F1 G.3. H IGH ER DO)SE OF GB.

Rat 3709. Urethane.- Rat 4209.Urethant.90OAuq GB/kg intravenously at
Spontaneos reSpirat 'ion arrow 1. Interrupted artificial
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F1G.4. RESPONSE NOT AFFECTED FIGS~ rý 1,L -RlSE
BY VAGnTOMY. iN~ RAT.

Rat 400g. Urethane. Both vagi cut, Rot 470g U~rethane.
carotid cr~tzry tied, Artificial ventilation. Spine trans sected,

At rnrrow 40AuqBlkg intravenously. brqin pithed.
At arrow 40pg GB/kg

intrave nousl y.

mm Hg
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FI.G..TYP!CAL PRESSOR RESPONSE FIG.7 SMALL RISE IN qbA

AFTER EXSANGUINATION. ATROPIN15ED ANIMAL

Rat 470g Uretr~ane. Art ificial ventilation Rat 310q Urethane
rori. lod itdrwn btwenstrip I a 2. Artiticial ventilationfl

~mI.bloo witdr.~n. btW~iAt arrow I I0mg ATR/kg
At rro 4 09 ~g itranouIY.At arrow 2 4Opug GB/kg

intravenou sly.

Time sifjtiu; J1minute intarval.
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Rat"30. Urethane. Arifcalontianeousr.spratEnUCES ETE SP
At arrow I 20mgB/g Cikgy. RELECO

Aaros2 to 5eag CrgAT/kg Wnrvnul. Rat4890g.Urethane.
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At arrow I 0,4jg GB/kg
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FIQI12. pRE-TREATMENT WITH FIG l3L PRISCOL LOWERS ELEVATED BP

PRISCOL Rat 47Cg Urethane Artifk'ial vwrttlation

SMALL PRESSOR EFFFCT .At arrow! 4iigGPB/kq

Rat 9O~ rethineAt arrows 2 to 5 each I mgjPRI/kg

Artificki(• ventilationalinreouy
At. arrow I IOmgPRI/kgAt arrow 2 OAugGB/kg
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FIG 14 N0 CONTINUED ELEVATION IN SKINNED FIG, I5. MAINTAINED ELEVATION

ANIMAL IN EVISCERATED ANIMAL.
Rat 480g Urethane Artificial ventilation Rat 39Og. Urethane.

All skln removed Chead, feet & scrotum not skinned) Artiffcial ventilatrnn

Body placed in saline both of 370 Smell aJnd large intestines
At arrow 4IjamGP/kg intravenously, removed.

At arrow 402ug GB/kg l.v.

""- 36- 14.

Time signso; Iminut. intervals
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FIG. 16. SMALL DOSE OF 0 S INTO 4th VENTRICLE FIG. IZ OPPOSITE EFFECT OF

Rat 42Og.Urethane. Artificial ventilation. ACh AND 0B ON INJECTION
INTO 4th VENTRICLE

At arrow 5,ugmB/rat through atnanto-occipitaI Rat 370g. Urethane.
membrane Artificial ventilation.

At arrow I 2,pgACh/rat
At arrow 2 5ug GB/ ratI
both through atlanto-occipital

membrane.

16
80,

FiC. 18. PRE TREATMENT WITH FIG. 19. HYPERTENSIVE EFFECT OF DFR
ATROPINE INHIBITS PRESSOR Rat 470g. Urethcne.Artlificial ventcatlan.
RESPONSE TO INTRAVENTRICULARCB At arrow I mg DFP/kg
Rat 350g. Urethane.Artmficlal ventilation. intravenously.
At arrow I 2AugACh/kg j

2 2mgATR/kg intravenously.
3 2mgACh/kgJ

4 5jugCB/rat into ventricle.

Time signal Iminute intervals



CIRCUIATION
INTERNL

Copy No. 0o2y No.

1 P.D.S.R. (D) Bioloff Cami .i z-(.
2 D.C.D.R.D. 35 Dr. JJM. Bamrs

26 - 115 C.S., C.Dý.E.E. 36 Professor I Or Bý,rgh Daly
3 - 4 C.D.R. Br'anches 3 r .. Dw
5 - 6 0.S., IN.0.S. Nance,-tke 37 Dr. Malcol Daw*,.c

7 D.P.B.R. .39 Dr. Bentley >c-s
8 R.D.Arm i2. 4.0 Professor A. "TJllzon

9 - 10 T.P.A.3/T.I.B.
11 -25 S.A.C. for Biology 'Omrnittoe,

C.D.A.B.
"26 File

27 Professor Sir Rudoe )h Peters
28 Profeossor G.R. Cin. -on
29 J. Davidson Pratt,.}q
30 Professor !!.J. Ene.:us
31 Sir Paul Fildcs
32 Professor J.11. Gaclo. :in
33 Profossor Sir Robor': Robinson
34 Profoosor R.,H.S. %opo

EXTERAL OVERSE7AS

British Jo,,nt Services j~iis.ý _n Austral 1.

41 - 52 D.C. Evro rr':1. 54 - 56 Defenco Roz : anjh.:' e
57 Senior J1.oprr!senta- iv.r, Dept. of

Werx Office Supply

58 Army 1B. noh Repron ntativo
53 S. W. V.I. (b) 59 R.A.A.F. (1Thoh. Section)

Canada

60 - 61 Ortiriaw fenco "easeareh Board
62 - 63 Defence, flciooroh l>.`oratories,

64 Su~ffiolr r.:.ýperimon bal Station

U.S.A.

65 - 82 Readlixng 'k,,.nittee



Reproduced by
aa* med Srrvices Technical Information E NT, :ency

9,OC'U M E NT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIO

S*1

4 '


